The seed lectin DBL and the related stem and leaves lectin DB58 of the tropical legume Dolichos bi¯orus were crystallized, as well as complexes of DBL with adenine and with GalNAc(1-3)[Fuc(1-2)]Gal. The different crystal forms of DBL diffract to about 2.8 A Ê , while DB58 crystals diffract to 3.3 A Ê .
Introduction
The tropical legume Dolichos bi¯orus contains several lectins (Etzler, 1996) , of which the seed lectin DBL (Etzler & Kabat, 1970) and the stem and leaves lectin DB58 (Schnell & Etzler, 1988) are best characterized. These two proteins share 87% sequence identity (Harada et al., 1990) , bind to trisaccharide GalNAc(1-3)[Fuc(1-2)]Gal containing blood-group A substance (Etzler, 1994) and bind adenine and adeninederived plant hormones (Gegg et al., 1992; Gegg & Etzler, 1994) . Despite these similarities, they also show some important differences, which make them an interesting model system. DBL is a heterotetramer containing two long (subunit I) and two short subunits (subunit II), the short subunits being generated by post-translational C-terminal truncation (Young et al., 1995) . Only long-subunit aggregates are thought capable of binding carbohydrates, and their activity is enhanced by the presence of the short subunits (Etzler et al., 1981) . Haemagglutination is inhibited by GalNAc, but not by Gal. DB58, on the other hand, is a dimer in solution. It also consists of a long and a short subunit, making the dimer monovalent for carbohydrate binding. In contrast to DBL, DB58 does not seem to bind any simple monosaccharide (Etzler, 1994) . In this work, we report the crystallization of DBL and DB58 as well as the complexes of DBL with adenine and with GalNAc(1-3)[Fuc(1-2)]Gal.
Material and methods
Recombinant DBL subunit I and recombinant DBL subunits I + II were expressed in E. coli as described by Chao et al. (1994) . Recombinant DBL, natural DBL and DB58 were puri®ed using a blood-group A + H substance-Sepharose af®nity column. The trisaccharide GalNAc(1-3)[Fuc(1-2)]Gal was isolated from human urine (Strecker et al., 1989) . zCrystallization conditions were screened using the hangingdrop method. The re®ned conditions that led to the best crystals are given in Tables 1 and 2 . Crystals were mounted in borosilicate capillaries and X-ray data were collected at room temperature using a MAR image plate. Data for crystal form I of uncomplexed DBL and for DB58 were collected at station 7.2 of the Daresbury synchrotron. All data were processed and scaled with DENZO and SCALEPACK (Otwinowski & Minor, 1997) . The details of the processing are also given in Tables 1 and 2. 3. Results and discussion 3.1. Uncomplexed DBL Initially, crystallization conditions were screened for the natural as well as the two recombinant forms. The ®rst crystals we obtained came from preparations of the recombinant subunit I. However, it is known that pure subunit I, when stored for several weeks at room temperature, degrades to an equal mixture of subunits I and II. Gel electrophoretic analysis of some of the crystals we obtained indicated that this happened with the protein in the crystals.
Three crystal forms of the uncomplexed lectin were grown ( Table 1 ). The ®rst form is orthorhombic, space group P2 1 2 1 2 1 (a = 81.65, b = 116.46, c = 225.39 A Ê ), and contains two tetramers in its asymmetric unit. This crystal form diffracts to a resolution of about 3.3 A Ê on a rotating-anode source and to 2.75 A Ê using synchrotron radiation (see Fig. 1 ). Isomorphous crystals were also obtained in the presence of adenine.
The second crystal form belongs to the lower symmetry space group P2 1 and diffracts to 3.0 A Ê resolution on a rotatinganode source. The crystals contain a single tetramer in their asymmetric unit and have unit-cell dimensions a = 79.18, b = 101.21, c = 57.53 A Ê , = 91.90 . Often, a small number of weak re¯ections can be observed that belong to the superlattice a = 96.39, b = 101.21, c = 99.49 A Ê , = 108.08 . Although the relative intensity of these re¯ections varies from crystal to crystal, they are generally very weak and not observable beyond 4.0 A Ê . Both form I and form II crystals have a similar plate-shaped morphology and are dif®cult to distinguish by eye.
Subsequently, small crystals were also grown of the recombinant co-expressed subunits I + II. These crystals are isomorphous to the monoclinic form II crystals described above, but diffract to only about 4.5 A Ê resolution. Despite the poor quality of these crystals, this result is nevertheless of importance, as it shows us that the post-translational trimming of the C-terminus of half the subunits does not change the quaternary structure of the protein.
We have so far failed to produce single diffracting crystals of the natural (glycosylated) seed lectin.
DBL complexed with adenine
Many, but not all, legume lectins bind adenine and adeninerelated plant hormones with an af®nity 3±4 orders of magnitude higher than that for monosaccharides (Maliarik et al., 1987; Roberts & Goldstein, 1983; Puri & Surolia, 1994; Gegg et al., 1992; Gegg & Etzler, 1994) . The binding site for these compounds is distinct from the carbohydrate-binding site. Because of the binding stoichiometry of two ligands per tetramer or one ligand per dimer, these binding sites are thought to reside on a symmetric position of a subunit interface. As a consequence, this activity is probably dependent on the speci®c quaternary structure of the lectin, and a crude model has been suggested on the basis of the crystal structure of PHA-L (Hamelryck et al., 1996) .
Four crystal forms were observed. Only one crystal of the ®rst crystal form has ever been observed. The crystal initially diffracted to 2.4 A Ê on a home source and belongs to space group C222 or C222 1 (a = 107.90, b = 132.34, c = 176.96 A Ê ). Unfortunately, only 20 of data could be collected before radiation damage became severe.
The second crystal form of the DBL±adenine complex can be grown reproducibly by the hanging-drop method. The resulting crystals looked like ragged layered plates, but turned out to be single crystals when exposed to X-rays. A full data set to 2.75 A Ê could be collected from a single crystal. At low resolution (>4.5 A Ê ) about three quarters of the re¯ections are very weak or absent, consistent with a smaller P2 1 cell (a = 59.19, b = 102.23, c = 80.41 A Ê , = 91.52 ) with only a single molecule in the asymmetric unit. At higher resolution, the larger cell (a = 99.30, b = 102.51, c = 196.93 A Ê , = 101.43 ) becomes apparent, suggesting a super-lattice structure (see Fig. 2 ). Indeed, the native Patterson contains a set of strong non-origin peaks consistent with the presence of four tetramers related by (almost) pure translational non-crystallographic symmetry.
Only one crystal of each of the third and fourth crystal forms was grown. The crystal belonging to the third crystal form diffracted anisotropically, up to a resolution of 2.4 A Ê in the c* direction and 2.8 A Ê perpendicular to c*, and belonged to space group I4 1 22 (a = b = 78.93, c = 260.50 A Ê ). The data are therefore complete up to 2.8 A Ê and have an 18.8% completeness between 2.8 and 2.4 A Ê .
The fourth crystal form was grown under quite similar crystallization conditions, but with larger cell dimensions (a = 85.7, b = 113.1, c = 118.5 A Ê ). The crystal belongs to space group P2 1 2 1 2 1 or P2 1 2 1 2.
DBL complexed with the blood-group A + H trisaccharide GalNAc(1-3)[Fuc(1-2)]Gal
For the Gal/GalNAc speci®city group, structural information comes from the complexes of peanut agglutinin and Erythrina corallodendron lectin with lactose (Banerjee et al., 1996; Shaanan et al., 1991) and from soybean agglutinin with a synthetic bivalent oligosaccharide (Dessen et al., 1995) . With the exception of a peanut agglutinin T-antigen±disaccharide complex (Ravishankar et al., 1997) , no complex of a member of this group with an oligosaccharide that binds with high af®nity has previouly been described. DBL further differs from these three lectins in that it only binds GalNAc and not Gal. No legume lectin±GalNAc complex is presently available. Therefore, we decided to crystallize DBL in the presence of the blood-group A + H trisaccharide GalNAc(1-3)[Fuc(1-2)]Gal.
Only two crystals were grown of this complex. Both were very thin plates. The ®rst crystal survived only about 1 h of data collection, after which the PEG-Me in the surrounding mother liquor crystallized and made the diffraction images unuseable. The second crystal survived a full data collection and data analysis showed it to belong to space group C2 (a = 96.73, b = 108.00, c = 80.96 A Ê , = 124.67 ) with a dimer in its asymmetric unit. This crystal had a very high mosaicity (about 1.3 ), but because of the relatively small cell, useable data could be collected to a resolution of 2.8 A Ê .
DB58
The variation in quaternary structure in the legume-lectin family is well documented but poorly understood. DB58 has 87% shared sequence identity with the seed-lectin DBL, but forms dimers instead of tetramers. A detailed comparison of the structures of DBL and DB58 therefore may prove to be valuable for understanding quaternary structure formation in the legume-lectin family. DB58 is also unusual as it is one of the two dimeric legume lectins that are known to possess the high-af®nity adenine-binding site (Gegg et al., 1992; Gegg & Etzler, 1994; Puri & Surolia, 1994) . Adenine binding is thought to be dependent on the quaternary structure of the lectin, with the binding site located at a subunit interface. A putative location for this binding site was suggested from af®nity labelling and the structures of the tetrameric soybean agglutinin and PHA-L (Hamelryck et al., 1996) . It is, however, dif®cult to ®t DB58 into this model and it is expected that the crystal structure of DB58 will shed light on this matter. The crystals of DB58 are bipyramidal in shape and when grown without seeding remain smaller than 0.05 mm in all dimensions. Larger crystals (up to 0.3 mm in all dimensions) could be grown by the use of microseeding. These crystals do not diffract on an in-house Cu K source, but showed useable diffraction at station 7.2 of the Daresbury synchrotron to at least 3.3 A Ê . The space group is P2 1 2 1 2 1 (a = 101.46, b = 130.73, c = 136.88 A Ê ) and the asymmetric unit contains three dimers.
Conclusions
In the past decade, the crystal structures of 13 different legume lectins, many in complex with a bound carbohydrate, have been determined (for a recent review, see Loris et al., 1997) . Despite this wealth of information, our knowledge of the structure±function relationship of this interesting group of proteins remains far from complete, and several important questions remain unsolved. What is the molecular basis of the variety of quaternary structures that are observed? How do legume lectins bind adenine and adenine-related plant hormones? What is the molecular basis of oligosaccharide speci®city outside the Man/Glc speci®city group? The DBL and DB58 crystals described in this paper will provide some important clues to answering these questions. The high shared sequence identity between both lectins will help in interpreting the molecular basis of the difference in quaternary structure. The complex with the blood-group A trisaccharide will provide a structure of a non-mannose speci®c lectin in complex with a relevant oligosaccharide. The interaction of DBL with GalNAc(1-3)[Fuc(1-2)]Gal has recently been studied by NMR and molecular modelling, which provide information complementary to that obtained by X-ray crystallography. Finally, we also crystallized the ®rst complex of a legume lectin and adenine. This interaction is potentially relevant to the in vivo function of legume lectins, but is also only poorly characterized.
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